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Several investigators have studied the influ-
ence of different states of gonadal activity on the
cytology of the large human sweat ("apoerine")
glands. However, out of these observations has
arisen no agreement that any correlation exists
between the structural variations in the glands
and the phases of the menstrual cycle or preg-
nancy. Loescheke (18) and Herzenberg (8) re-
ported hypertrophy and hyperplasia of the
tubules during the "premenstruum" and menses,
with accompanying increase in thickness of this
cutaneous zone. Cytoplasmie granules, which
they regarded as being secretory in nature, and
cystic tubules were also more frequent.
Cavazzana (5) agreed in general with these ob-
servations; Way and Memmesheimer (31) also
observed hypertrophy and hyperplasia during
the "premenstrual" period. In contrast, Klaar
(16), Pana (24) and Montagna (20, 22) found no
changes which could be correlated with different
phases of the menstrual cycle. Klaar and
Montagna carried out repeat biopsy studies on
the same individual but only Klaar reported de-
tailed observations for the individual eases.
With respect to changes during pregnancy,
Cavazzana (5), WTay and Memmesheimer (31),
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Rebaudi (26) and Krompeeher (17) agreed that
the tubules of large sweat glands are hyper-
trophied. Cavazzana (5) and Herzenberg (8)
interpreted these changes as being indicative of
increased activity. In contrast, Loeseheke (18),
Klaar (16) and Montngna (20, 22) reported that
there are no structural changes which are distinc-
tive of pregnancy. Several of these workers
observed that cystic tubules filled with secretion
are unusually common during pregnancy.
There are many reasons for the discordant
observations summarized above. As has been
noted by several investigators, there is a wide
variation in the cytological status of the se-
cretory epithelium in different tubules and in
different portions of the same tubule. This situa-
tion requires that an evaluation of the glandular
condition in an individual be based on a rather
large sample which is completely sectioned arid
studied. In spite of these precautions the oppor-
tunity for error is great and must be compensated
for by observation of specimens from a significant
number of individuals.
Evaluation of the state of activity in the large
sweat glands is made difficult also by a lack of
understanding of the cytological manifestations
of secretion in the epithelium. Although these
glands are generally considered to secrete by the
apocrine method, this has never been demon-
strated conclusively nor have other methods of
secretion been excluded. Similarly, the manner
in which the various intracellular organelles and
components are involved in the secretory process
is poorly understood. Lacking this understand-
ing, investigators have been in doubt concerning
which cytological characteristics arc indicative
of the state of secretory activity.
rfh(, aims of this report are two-fold. First,
observations will be presented concerning the
cytological and histochemieal characteristics of
the epithelium and basement membrane of the
secretory portion of the tubule with the purpose
of extending the observations presented previ-
ously by others. Tn so doing, those features which
may be used as an index of secretory activity will
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TABLE 1
The reproductive state of individuals front whom
specimens were obtained
* From adolescents with no menstrual history
available.
be emphasized. Second, by applying these indices
to a rather extended series of specimens, we have
searched again for evidence of cytological changes
which may be associated with different reproduc-
tive states.
MATERIAL AND METHOn5
This study is based on specimens of large sweat
glands obtained from the axillae of 95 individuals
in varied reproductive states (Table 1). In 3 cases
nsed for study of the relationship of cytology to
the menstrual cycle, total urinary gonadotropins
were assayed at frequent intervals in immature
female mice, after recovery of the hormones by
the Kaolin absorption method. Similarly, urinary
estrogens were extracted with benzene after acid
hydrolysis and assayed by the Allen-Doisy
method. In addition, vaginal smears (Papanico-
laou's technic) and basal body temperature were
observed daily. The specimens from prepuberal
individuals were secured within 8 bours after
death; all others were obtained by biopsy after
local anesthesia with 2% xylucaine, a skin punch
measuring 5 mm. in diameter being used. A high
speed rotatory punch with no anesthesia was used
in some of the cases.
All or a part of each specimen secured by biopsy
was fixed in Zenker-formol for 6 hours followed
by immersion in Zenker-base for 18 hours. The
specimen was chromated in 3% K,Cr2O7 for 3 days
and double-embedded in celloidin and paraffin.
In a few cases Carnoy's, Bouin's fluid or 10%
neutral formalin were used as fixatives. Following
sectioning at p, some slides from every specimen
were stained with the periodic acid-leucofuchsin
§ In the tables showing the relationship of
glandular cytology to reproductive states, only 47
out of the 95 cases are included. The remaining
ones were used for study of normal cytology and
histochemistry.These studies were performed through the
courtesy of Drs. Gardner M. Riley and Samuel J.
Behrman of the Department of Obstetrics and
Gynecology, The University of Michigan Medical
School.
(PAS) procedure and counterstained with meth-
ylene blue in a citric acid-phosphate buffer at
pH 5.8. Our comparison of the state of secretory
activity in different glands was based chiefly on
study of these slides. Determination of the pres-
ence of glycogen was controlled by digestion of
other slides with 1% malt diastase and of ribu-
nucleic acid by digestion with 1% ribonuclease
before staining with the PAS-methylene blue
procedure. In a few cases, 1% toluidine blue was
used as the basic dye. Other sections of Zenker-
formol-fixcd, post-chromated glands were stained
with the Sevcringhaus modification of the Alt-
mann-Masson procedure for mitochondria or with
Regaud's iron hematoxylin followed by the Mas-
son procedure. Mallory's counterstain was em-
ployed also after iron hematoxylin. On some
sections alkaline phosphatase was revealed by the
method of Gomori.
Some glands were fixed in 10% neutral formalin
and cut with a freezing microtome. These sections
were treated with various stains for lipids in-
cluding Sudan black B, Sudan red and the Schultz
reaction. Our observations, in general, confirm
those previously reported by others (4, 20) and,
therefore, will not be summarized here. The
Nassnnov-Kolatchev method was employed for
demonstration of the Golgi apparatus.
Comparative estimations were made of the
height of the epithelial cells in the secretory
tubules, number of PAS-stained bodies, amount
of secretion held within the lumen and intensity
of cytoplasmic basophilia. These ratings were
made on the basis of a scale from 0 to ++++.
OBSERVATIONS
Normal Cytology and Histochemistry
1. Secretory Epithelium
Minamitani (19) in a remarkably accurate
paper described the cytology of the large axillary
sweat glands. Other aspects of the cytology and
histochcmistry have been developed by Bunting
et al., (4), Ito and Iwashige (11), and Ito,
Tsuchiya and Iwashige (12), and Montagna (20).
The purpose of this section is to extend these
observations.
Cytoplasmic ribonucleic acid (RNA). The
amount and distribution of cytoplasmic RNA as
revealed by basic staining of Zenker-formol-fixed
tissue varied widely in different cells. It was least
evident in cells which were small and inactive or
well-filled with PAS-staincd granules (Figs. 2, 9,
18, 22). RNA was most extensively distributed
in the cells which possessed the greatest volume
of basal cytoplasm relative to nuclear volume
Mode of
Procurement
Biopsy
Autopsy..
Pre-
puberal
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35 21
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menu- Male
pausal
4 14
1 6
Miscel-
laneous
3*
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(Figs. 3, 12, 21). In these larger cells the nucleus
was usually situated higher in the cell in contrast
to its more usual position close to or in contact
with the basal membrane. The most extensive
cytoplasmic RNA was found in large cells which
possessed relatively few PAS granules (Fig. 5).
RNA was concentrated in the perinuclear area.
It was absent from the Golgi area but often ex-
tended aronnd the periphery to the region im-
mediately beneath the apical border. Contrary
to I\Iontagna, Chase and Lobitz (23), who stated
that the RNA is distributed as fine granules, in
our preparations it was arranged as a fine reticu-
lum (Figs. 5, 12), the components of which sur-
rounded spherical areas of homogeneous cyto-
plasm which stained faintly with PAS or eosin
(Fig. 3). In general, this pattern for RNA is
similar to that described by Ito ci at., (12), who
further regarded the contents of the vacuole-like
areas enclosed by RNA as being unripened
secretory granules.
Cytopiasmic granules. The secretory epithelium
usually contained PAS-positive, diastase-resist-
ant bodies which varied greatly in shape and
number. Although well-preserved by Zenker-
formol and 10% neutral formalin, they were
poorly demonstrated by Bouin's fluid (Fig. 7)
and were removed by Carnoy's solution. They
accumulated first in the region immediately
superficial to the Golgi area. With further in-
crease in number they extended into the basal
region lateral to the nucleus (Fig. 19). Rarely did
they appear in the perinuclear, RNA-rieh area of
the largest cells. In preparations stained with
eosin and methylene blue the smaller cytoplasmic
granules were eosinophillic. However, many of
them, especially the larger ones, did not stain hot
appeared as a yellowish pigment. With Mallory's
counterstain, some stained with orange G and
others with acid fuchsin. The yellow or orange
(Fig. 4) granules were believed to be the pigment
described by other authors. In frozen sections of
formalin-fixed glands, the larger bodies stained
completely or only at their periphary with Sudan
red and Sudan black B.
In shape, the smallest granules possessed
angular borders or were coarse rods. Rarely they
resembled erystalloids. Because of similar shape,
size and staining capacity of the smaller granules,
development by direct transformation from mito-
chondria is suggested (19). The largest granules
were usually located above the Golgi apparatus,
where they appeared to fuse into still larger
masses in which the original individual bodies
were enclosed within an envelope (Fig. 2). When
counterstained after PAS the largest grnnules
took on some methylene blue.
Staining with Best's carmine revealed a small
amount of fine granular glycogen in the cyto-
plasm after fixation in picrie-alcohol formalin.
Large intracellular glycogen granules revealed by
PAS were found in only one ease obtained after
the menopause (Fig. 27).
Apical cytoplasmic zone. An apical band of
cytoplasm was present on most columnar cells
(Figs. 2—7). It was distinguished by being almost
completely free of basophilia, cytoplasmie
granules and mitochondria. In Zenker-formol
fixed glands stained with PAS and methylene
blue, it appeared almost homogeneous and prac-
tically unstained if the.slides had been ade-
quately differentiated. The apical zone frequently
blackened when treated with osmie acid. After
Bouin fixation and with aniline blue staining, the
zone was cyanophilic (Fig. 4) and, significantly,
contained a canalicular system.
Frequently, especially in the highest cells, the
apical zone was raised up into a dome, the mag-
nitude of this elevation probably being influenced
by the rate of secretory activity, the type of
fixative used and the time elapsing between
death and fixation.
Brush border. As described previously by
Minamitani (19) and Montagna ci at., (23), the
free surface of the apical cytoplasm is covered
with a fringe of minute microvilli (Fig. 5)* In
contrast to the underlying cytoplasm, the micro-
villi stained intensely with the PAS procedure
(Fig. 12) and with the aniline blue (Fig. 7).
Following Masson staining of Bouin-fixcd
glands, vcsielcs of various sizes appeared in the
border (Figs. 7, 8). Usually these were empty,
but others contained a material which stained
faintly with aniline blue. We did not observe the
fine intravesicular granules described by
Minamitani (19). Montagna ci at., (23) reported
a small vesicle to be present at the tip of each
microvillus of the brush border. We could not
confirm this with the light microscope, nor did
we see the PAS-positivc hyalinc globules within
the surface vesicles which they described. In our
material the apical vesicles appeared to involve
* Preliminary work with the electron micro-
scope shows that the minute projections of the
brush border are microvilli.
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either an individual mierovillus or the adjoining
surface membrane also.
In relation to an interpretation of the secretory
process it is particularly pertinent that in some
specimens fixed in Bouin's fluid and stained with
aniline blue and acid fuehsin (Masson procedure)
indistinctly defined cyanophilie material was
present in some cells in the Colgi and supra-Golgi
area. These were in contrast to the remnants of
the apical PAS bodies which were red in the
Masson-stained preparations.
Except for cells which were small and euboid
and, therefore, clearly inactive, there was no clear
correlation between prominence and staining
intensity of the mierovilli with any other charac-
teristic of the cell. Thus, they were equally promi-
nent on high columnar cells containing few cyto-
plasmie granules and in lower cells which were
well filled with these inclusions. Insofar as could
be ascertained with the light microscope, there
was no structural variation in the border which
could be used with certainty as an index of
secretory activity.
Luminal secretion. Secretion often appeared in
the tubular lumen. When present, it varied in ar-
rangement from a loose, stringy pattern to a com-
pact, dense mass (Figs. 19, 26). Secretion stained
with the PAS reaction and with aniline blue, the
intensity of the staining reaction being related
directly to the density of the secretion. The pres-
ence of dense secretion was usually accompanied
by a flattening of the epithelium which indicated
that its accumulation had resulted from blockage
of the duets with a resultant increase in intra-
luminal pressure. Stainability of the secretion
with the PAS procedure was not modified by
digestion in diastase. No diastase-resistant
granules were found in the lumen which resembled
in form and staining capacity the PAS-positive
eytoplasmie granules of the cells.
In two specimens (Figs. 12 and 27) the luminal
secretion contained discrete granules which
stained intensely with PAS. They were removed
by digestion in diastase and, therefore, were
glycogen. Cellular debris, including nuclei, was
occasionally present in the lumen (Figs. 12, 19).
Some of these cellular fragments may have been
derived from the rare degenerating cells which
were present in the epithelium. However, trauma
produced at the time of biopsy was probably
more often the cause of their extrusion.
Apart from the rare presence in secretion of
nuclei and cell fragments (the significance of
which is discussed elsewhere) basophilie material
was not a common constituent. This is contrary
to the findings of Ito, Tsuehiya and Twashige
(12) who considered it to be a normal component
of secretion.
Other cytoplasmic components. The secretory
cells contained abundant mitoehondria. They
consisted of narrow rods or filaments and ac-
cumulated especially in the perinuelear area, thus
having a distribution similar to that of ENA
(Fig. 6). Mitoehondria were rare in the Colgi
area. Those located above the Colgi apparatus
were larger than those in the basal region. Since
they and the larger cytoplasmie granules observed
above the Golgi apparatus stained similarly with
acid fuehsiu, it was impossible to differentiate
them precisely with the teehnies employed here.
The smaller organelles in this area were an in-
tense red after acid fuehsin, and undoubtedly
were unaltered mitoehondria.
In most cells the Golgi apparatus assumed a
prominent position above the nucleus. In taller
cells it was rather spherical (Fig. 10); in low
columnar cells it tended to be more flattened
against the nucleus. In agreement with Minami-
tani (19) the Golgi apparatus also extended
upwards to surround many of the eytoplasmie
granules (Fig. 11). The presence of the negative
image in this area as revealed by other methods
of preparation (Figs. 4, 6) offered additional proof
that this arrangement was not an artefaet.
2. JIyoepithelial Cells
The spindle-shaped myoepithelial cells were
oriented parallel with the long axis of the tubule.
Their cytoplasm was practically unstained with
PAS and the glycogen described by Montagna
et al., (23) was not detected except in one post-
menopausal ease (Fig. 27). The longitudinally
oriented fibrillae which have been seen by others
(9) were distinguished easily. In transverse sec-
tions of Zenker-formol-fixed cells the fibrillae
formed vertical striations within the cell. The
nuclei tended to be located apieally (Fig. 9) and
the reticulated perniculear cytoplasm did not
present stainable RNA. If stained with the
Masson procedure, the cytoplasm was intensely
fuehsinophilie. In confirmation of Montagna
(20) the myoepithelial cells exhibited a strong
alkaline phosphatase activity.
Our observations do not support Montagna's
(20) statement that "in the dilated tubules, where
the epithelial cells are flat and elongated, myo-
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epithelial cells are very delicate or impossible to
demonstrate." In enlarged tubules with atrophic
epithelium, the myoepithelial cells were usually
plump and prominent (Figs. 9, 18, 26).
3. Basement 111 embrane and
Contiguous Connective Tissue
With PAS the basement membrane was sub-
divisible into two layers. Adjacent to the epi-
thelium was a narrow, homogeneous layer which
stained intensely (Figs. 9, 18). Branches of it ex-
tended inwards between the myoepithelial cells.
Evidently this layer was composed of a mueo-
polysaeeharide which fixed the epithelium to the
outer layer of the basement membrane. The latter
structure stained lightly with PAS, was fibrillar
and blended into the supporting fibroelastie con-
nective tissue. Previous investigators have shown
that the basement membrane is argyrophilie
(5, 20). Boersma and Baker (2) using the Masson
procedure observed that the basement mem-
brane stained with aniline blue, and therefore,
probably contained collagenous or retieular fibers.
They also used the Weigert's stain and observed
only a few elastic fibers.
Criteria for Evaluating Secretory Activity
In order to determine a relationship between
reproductive states and secretory activity it is
necessary to utilize valid cytological character-
istics, the variation in which can be interpreted
in terms of secretory rates. The following features
merit consideration.
Cytoptasmic, Pt S-stained granules as stored
secretion. Evidence supporting the concept that
eytoplasmie granules represent stored secretion
is indirect and, at present, inconclusive. First,
they were present during the years of active re-
productive life when, presumably, the large
sweat glands secrete actively. They were sparse
in number during the early prepuberal years and
after the menopause. Second, the granules and
luminal secretion were both stained with the
PAS procedure, suggesting a similar chemical
composition. However, Masson staining of
Bouin-fixed specimens colored the secretion blue
and the indistinct intraeytoplasmie granules red.
It appears probable that the number of eyto-
plasmie granules is indicative of the amount of
stored secretion.
Amount of intraluminal secretion. A dense
PAS-positive secretion accumulates frequently
within the tubules (Fig. 26). This development
is often accompanied by a flattening of the
epithelium which is of variable degree. The full
significance of this secretion as an indicator of
rate at which it is released has never been clari-
fied. Since many tubules with an obviously active
epithelium contain little stainable secretion, it is
possible that its extreme accumulation in the
lumen results from blockage of the duet. Thus,
the contents of the lumina vary from nothing to
a stringy precipitate to a dense compact secre-
tion. As an index of secretory rate, the luminal
contents can be utilized only in conjunction with
other criteria.
Histoehemieal characteristics suggest that the
PAS-positive granules and the intraluminal se-
cretion are composed of either hpo- or mueo-
protein. More probably they are a lipoprotein
because they are sudanophilie, stained with PAS,
and the granules are removed by fixation in
Carnoy's fluid. Employing Aleian blue, a non-
specific procedure used in the demonstration of
acid mueopolysaeeharides, Goltz et at. (7) found
the dense intraluminal secretion to stain on
occasion, but usually it, as well as intraeyto-
plasmie granules, failed to react. Evidence which
suggests that secretion of the large sweat glands
is high in mueoprotein is equivocal. Biochemical
analysis of thermally induced sweat from the
back and axilla revealed a higher protein content
in that from the axilla (13, 14). On the basis of a
high proportion of hexosamine, this was assumed
to be a mucoprotein. However, in the axillary
sweat the product of the two types of sweat
glands was not separated and the large sweat
glands have been reported to be non-responsive
to thermal stimuh (10, 28).
Cytoptasmic ribonucteic acid. Much evidence
shows that RNA is involved in protein synthesis
and that it is most abundant in cells which
elaborate proteins when these cells are in an
active functional state (3, 6). Hence, it may be
inferred that the rather significant quantities of
RNA observed in the epithelium of large sweat
glands is concerned with elaboration of the
secretory product. Because of this well-estab-
lished relationship, eytoplasmie basophilia re-
sulting from the presence of RNA seems to be
a rather good index of the synthetic capacity of
the cells, if not of their secretory rate.
Size of cells and nuclei. Probably no other cri-
terion has proven as reliable an index of secretory
activity in glandular cells as has cellular size.
The great variation in size of epithelial cells oh-
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TABLE 2
Cytology of glands obtained from prepuberal individuals
Case No. Age Sex Clinical Diagnosis PASGranules2
Luminal
Secretion' Basophilia'
1 9 wks. M Congenital heart disease 0 ?
2 4 yrs. F Leukemia-steroid therapy 0 + P
3 4 yrs. F Congenital defects; meningocoele 0 + +?
43 7 yrs. F Cerebral glioblastoma + 0 ++
5 8 yrs. M Brain tumor +
6 8 yrs. M 0 + +
7 10 yrs. F Cirrhosis + ++ +
8 15 yrs. F Leukemia-steroid therapy + + +
All specimens represented in this table were secured 2 hours or more after death. Specimens 3, 4,
and 5 were fixed in 10% formalin and the remainder in Zenker-formol.
2 The quantity of PAS-stained granules, of luminal secretion and extent of cytoplasmic basophilia
were rated on the basis of a scale from 0 to ++++.
This specimen was obtained from the perianal region. It was quite similar to that from case 5.
Age Day of PAS LunsinalCycle Granules' Secretion' Basophilia'
yrs.
served in the large sweat glands, particularly
since size was correlated directly with the amount
of cytoplasmic RNA and number of w itochon-
dna, indicated that it would be a helpful basis
for evaluation of secretory activity. Nevertheless,
TABLE 3
The relationship of glandular cytology to phase of
the menstrual cycle
Case
No.
since there was usually such a great variation in -
height of the cells in a single biopsy specimen,
it was not possible to utilize this criterion apart
from all others.
The preceding summary indicates that the
present state of our knowledge does not allow
10
11
12
13
any one characteristic to be used as an index of 14
rate of secretory activity. Therefore, in the fol- 15
lowing attempt to correlate secretory activity 16
with reproductive activity, all of these criteria 17
have been used with special reliance being placed 18
on cell size and cytoplasmic RNA. 19
20
The Relationship of Cytology to Reproductive 11
Status 13
Prepuberty. At 4 years or younger, the large
10
21
sweat glands were poorly developed and careful 22
study was required in order to differentiate them 23
from the small sweat glands. In these cases (Nos. 11
1, 2 and 3, Table 2; Figs. 14 and 15) the tubules 13
were narrow in comparison with the adult con- 24
dition. The secretory epithelial cells were cuboid
to low columnar. The apical surface was flat
with the apical cytoplasmic zone not being dis-
tinguishable. A brush border was either invisible
or less distinct than at later stages. PAS-stained
25
26
5The quantity of PAS-stained bodies, of
luminal secretion and extent of cytoplasmic baso-
philia were rated on the basis of a scale from 0 to
granules were absent except for rare cells in one + + + +.
case, although they have been reported to be 2 "Regular periods."
days
RP2
28
26
28
RP
29
RP
33
28
26
28
28
RP
26
28
33
RP
30
24
26
24
26
27
25
20
28
23
20
25
28
24
27
26
47
21
33
24
27
16
22
27
3
3
3
4
4
4
4
5
S
8
9
10
13
13
13
16
20
24
25
27
29
29
30
++
+
++
+
+
++
+++
++
+++
+++
+++
+
++
+
++
+
++
++
++
++
++
++
+
+++
+
+++
++
+++
+
++
++
+++
+
++
++
++
++
+
++
+++
++
+++
++
++
++
++
++
+++
+
+++
++
++
++
+++
+++
+++
++
+±
++
+++
++++
+++
++
+++
+++
++
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present at this time (22). A small amount of
intraluminal secretion was present in two cases.
Cytoplasmic basophilia could not be evaluated
accurately. Myocpithelial cells were well de-
veloped.
At 7—8 years, striking development had oc-
curred (Cases 4 and 5, Table 2; Fig. 16). The
secretory cells were enlarged, many being high
columnar. Although usually they were flat on the
apical surface, many possessed a clear band of
apical cytoplasm which, for the first time, was
occasionally elevated to form a dome. The
luminal surface was covered with a brush border
which stained with PAS. Fine PAS-positive
granules were present above the Golgi apparatus.
Cytoplasmic RNA was prominent. In case 8 (a
15 year-old individual) a comparable degree of
development was present. In cases 6 and 7, the
secretory cells were exceedingly small although
they were well differentiated in terms of other
cytological characteristics.
i/Jenstrual cycle. In 3 of the specimens (Cases
10, 13, 14; Table 3) excised from women experi-
encing the last days of menstrual flow, the epi-
thelium contained the fewest PAS-stained bodies
of any cases observed during the active reproduc-
tive period. These granu]es were especially few
in number during the final days of the flow (cases
13 and 14). Four specimens (Cases 16, 18, 19,
20; Table 3) obtained from days 5 to 10 of the
cycle showed the greatest accumulation of PAS-
positive bodies seen in non-pregnant women.
Considering the entire menstrual period, a sig-
nificant variation in the quantity of luminal
secretion, cellular size, and in the extent of cyto-
plasmic basophilia did not occur. This negative
effect was particularly evident in 3 well con-
trolled cases (Nos. 10, 11 and 13), in each of
which serial biopsies were taken from the same
individual at 3 different times in a single men-
strual cycle. In these cases the total gonado-
tropins and estrogens excreted in the urine were
TUG
II
S
S /
'4 1SI
§
EST b————.— ••••-—'-—-••——
I I I I I I I I I I I I I I II I II
DAYOFCYCLE 23 5 7911131517 192123252729
AXILLARY BIOPSIES S
VAGINAL SMEARS
BASAL BODY TEMPERATURE °F 9&O
FIG. 1A. The excretion of total urinary gonadotropiris and estrogens in a normal menstrual cycle of
case 11. Vaginal smears indicate that ovulation occurred probably on about the 14th day (+). The
variation in basal body temperature is shown. The black dots indicate the different days of the cycle
inwhich the axillary biopsies were taken. The length of this cycle was 26 days. For that reason the
last two hormonal determinations belong to the second day of the following cycle.
24
TUG 18
mouse
uterine
units
12
6
C
20-
IS-
16
EST .
rot
usia 2
10-
8-
6
4-
2
0
280 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
followed throughout the cycle and the expected
alterations in level were obtaioed (Fig. la). The
time of ovulation was checked also by observa-
tion of vaginal smears and basal body tempera-
ture. Considering all cases studied, there were
inconclusive indications that the cytoplasmic
basophilia was somewhat more extensive from
the middle of the intermenstrual period to the
end of the secretory phase.
Pregnancy. During early pregnancy (Cases 27,
28, 29; Table 4), the epithelium was distinguished
by a striking accumulation of PAS-positive
granules. Concurrently in these specimens, intra-
luminal secretion was only moderately promi-
nent. In four specimens secured from individuals
pregnant for 4 months to 7 months there
was a reversal in this relationship, with the PAS-
stained granules being few in number and the
intraluminal secretion abundant. In fact, the
quantity of secretion surpassed that observed in
the non-pregnant state. A significant correlation
could not be established between the period of
TABLE 4
Case A Duration PA5 Luminal Baso-No. ge Pregnancy Granules' Secretion' philia'
Pregnanc
27
28
29
30
31
32
33
34
35
months
28 3 +++28 3 ++++29 4 +++
33 4% +
16 4% +
23 5% +
26 7% +
22 8 +++
32 'Gdays +±
post-
part.
+
+++
++
++++
++++
++++
++++
++
+
+
+++
++
+++
++
++
++
++++
+±
Post—menopausal
36 58
37 56'
+
+
++? +++ +±
The quantity of PAS-stained bodies, of
luminal secretion and extent of cytoplasmic haso-
philia were rated on the basis of a scale of 0 to
++++.
'Fixation in 16% neutral formalin. Ovari-
ectomized 10 years previously.
TABLE 5
l'he cytology of glands obtained from adult
normal males'
Case No. Age PASGranules'
Luminal
Secretion' Basophilia
yes.
39 21 ++ + ?
40 23 ++ ++ +++
41' 55 — ++ ?
42 25 ++ ++ ?
43 26
44 26
45 23
46 28
47'83
++
++
+±
++
+
+
++
+
+
+++
?
+
++
?
+
All specimeos were obtained by biopsy.
'The quantity of PAS-stained granoles, of
luminal secretion and extent of cytoplasmic
basophilia were rated on the basis of a scale of
0 to ++++.
Fixationin Carnoy's fluid; the other specimens
were fixed in Zenker-formol.
On estrogen therapy for several months in
treatment for prostatic carcinoma.
pregnancy and cellular size or extent of baso-
philia.
Post-menopause. Following the menopause, the
secretory cells became smaller and contained
fewer PAS-stained bodies, these findings being in
agreement with those of Ito and Iwashige (11).
Cytoplasmic RNA receded. The apical zone was
generally narrower, less frequently raised up into
a dome and the brush border was less conspicu-
ous. Jn one case (No. 36), glycogen was promi-
nently present in myoepithelial and secretory
cells and in the intraluminal secretion (Fig. 27),
contrary to the observations of Ito and Iwashige
(U).
Axillary glands from the male. The axillary
glands of the male differed from those of the
female on only a few points. In all cases but one
(No. 44, Table 5) the PAS-stained bodies were
small, few in number and found only in the cyto-
plasm just beneath the apical zone. In only case
44 did rare cells contain PAS bodies which cotn-
pared in number with the situation observed in
the female towards the middle of the menstrual
cycle or during early pregnancy.
As compared with the female, secretory cells
were generally lower and somewhat broader, the
apical cytoplasmic zone not as frequently being
The relationship of glandular cytology to the phase
of pregnancy end post-menopausal state
-Go]qi apparatus
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raised up into a high dome. Less stainable luminal
secretion was observed than during late preg-
nancy.
DISCUSSION
A theory of secretion. Historically, the large
sweat glands have been classified as apocrine in
type, although the tenability of this concept has
been doubted (20). In our material, masses of
cytoplasm were occasionally in contact with the
apices of other cells. However, these structures
were invariably demonstrated to be portions of
cells, the long axes of which were approximately
perpendicular to the plane of section. Thus, in
our preparations there was no clear evidence
that the apical cytoplasm pinched off from the
cell. Furthermore, diastase-resistant, PAS-
stained granules, mitochondria and nucleic acid
were never observed in the lumen. Although
Zorzoli (33) reported iron to be present in the
intralumina secretion Montagna et al., (23)
could not confirm this but did find its presence
to be characteristic of the cytoplasmic granules.
These facts clearly indicate that liberation of the
deeper parts of the cell did not occur. Although
probably indicative of secretory activity, the
formation of vesicles at the apical surface of cells
could hardly be interpreted as being a manifesta-
tion of the apocrine mode of secretion, since re-
lease of so little cytoplasm would occur with their
rupture. We have concluded that if apocrine
secretion occurs, it is exceedingly rare. More
commonly the secretory product is probably re-
leased by the merocrine method or, at most, by
no more severe a disturbance of cellular integrity
than rupture of the surface membrane. Indeed,
Rothman (27) holds that both types of secretion
occur. Occasional large vacuoles which contained
cyanophilic material were seen in the supra-
nuclear area. The relation of these vacuoles to
the PAS-stained cytoplasmic granules revealed
by Zenker-formol fixation could not be ascer-
tained.
The following hypothesis is submitted regard-
ing the participation of eytoplasmie structures
in the processes of synthesis and release of secre-
tion. Although differing in interpretation from
the conclusions of Minamitani(19), the basic
observations upon which it is based agree almost
precisely with those of this investigator. Some
portions of this theory have been developed
previously by Montagna (20). This proposal is
Fro. lB. A diagram illustrating significant
points in a theory of secretion.
predicated on the assumption that the secretory
product is a lipoprotein, the evidence for which
was cited previously. After entrance of amino
acids and other precursor substances from the
blood stream into the perinuclear cytoplasm (A,
Fig. ib), elaboration of the protein moiety occurs
in relation to the ribonucleic acid of this area
(II). According to current chemical thought RNA
is involved directly in the anabolism of protein
(32). The mitochondria, which are concentrated
in this region, may provide energy for this syn-
thesis. In the region of the Golgi apparatus and
in the neighboring cytoplasm may be added the
lipid moiety (C) since the first cytoehemical
evidence for its presence occurs in this area. Thus
the cytoplasmic granules might constitute either
a storage form of this lipid or of the secretion
itself (D). If released as secretion, these granules
must be liquefied beforehand. The secretion must
then pass through the apical zone of cytoplasm
in solution to arrive beneath the brush border,
since there is no evidence that it can be stained
within this zone. It is highly probable that the
elevation of the apical zone into a dome is a re-
flection of the rate at which secretion is being
released. Presently available evidence suggests
that the secretion passes through a microvillus
to be released at its terminal end by fragmenta-
tion or formation of a vacuole which may then
burst. 'This is not to imply that secretion cannot
be released through the surface membrane be-
tween microvilli since some evidence was ob-
tained to indicate that this may occur. Until
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further work is done, the possibility that the
apical vacuoles arise during fixation must also be
considered.
Although it is generally agreed that the PAS-
positive cytoplasmic granules are involved in
secretion, the manner in which they participate
remains unsolved. The evidence is strong from
our observations and those of others (19) that
they arise by direct transformation from mito-
chondria, especially in the supranuclear part of
the cell. Although the PAS-positive granules may
represent a stored form of some component of the
secretory product, on the basis of present under-
standing of the cell, it seems improbable that
they could arise directly from mitochondria and
at the same time, represent a mature form of
secretion, the formation of which began in the
basal region of the cell. Certainly, the early
steps in the synthesis of secretion appear to occur
in the RNA-rich perinuclear area.
Relation of cytology to reproductive status. There
have been several studies of large sweat glands
in prepuberal individuals. Undifferentiated glands
are present at birth (8, 15). Some differentiation
occurs subsequently but in agreement with
Montagna (22) development approximating
that of the adult does not occur until about 7—8
years of age.
Clear cytological variations which could be
correlated with the phases of the menstrual cycle
were not evident. Establishment of such a rela-
tionship was made difficult with our material
because of the lack of accurate knowledge in
some instances concerning the expected length of
the intermenstrual period. It did appear that in
some cases (Nos. 16, 18, 20; Table 3), PAS-
stained bodies accumulated during the prolifera-
tive phase concurrently with a rising level of
estrogens. Ackerman and Nowicki (1) failed to
find any variations in sudanophilic lipid which
could be correlated with phases of the menstrual
cycle. They did observe an increase after the
menopause.
The enlargement of tubules during pregnancy
agrees with the observations of several earlier
workers (5, 17, 18, 25, 26, 30, and 31). Our
observations showed further that early in
pregnancy the intracellular PAS-stained gran-
ules are abundant and intraluminal secretion is
minimal, while later in pregnancy this relation-
ship is reversed, with the intraluminal secretion
being exceedingly prominent. Possibly the cyto-
plasmie granules recede as secretion is released.
However, it remains to be proven that the dense
PAS-positive intraluminal secretion is a natural
cellular product and not modified due to blockage
of the duets. Certainly, many tubules with active
epithelium do not contain it. Also, many of the
secretion-filled tubules expand greatly with
possible pressure atrophy of the epithelium re-
sulting. This structural alteration in the large
sweat glands at midpregnancy occurs at about
the time of or shortly after the fall in the urinary
level of ehorionic gonadotropin and when the
excretion of estrogens is rising.
SUMMARy
The cytology of large axillary sweat glands is
described. It is concluded that the secretory
product is probably a lipoprotcin and that it is
released by the merocrine method. No evidence
was obtained to support the concept that these
glands secrete by the apocrine method.
The following correlations between major
cytological variations and the status of repro-
ductive function are apparent. (1) Cytological
development approaching the adult state is
evident at 7—8 years. (2) An increase in the num-
ber of PAS-stained bodies is evident during the
early portion of the proliferative phase of the
menstrual cycle. (3) Early in pregnancy intra-
cellular PAS-stained bodies were abundant and
secretion is scant, while at about 4j months
this relationship is reversed. (4) The glands of
males resembled those of females except that the
PAS-stained bodies are smaller and fewer in
number.
It is concluded that in women during the
period of active reproductive life, overall varia-
tions in cytology of the sweat glands associated
with different reproductive states are not great.
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PLATE I
EXPLANATION OF FIGURES
Fjo. 2. The 29th day of the menstrual cycle. The apical cytoplasmic granules are eosinophilic and a
group are fused to form a larger mass. Cytoplasmic basophilia is present in the perinuclear area and
appears to enclose developing cytoplasmic bodies. Zenker-formol; eosin and methylene blue.
FIG. 3. Stain as for figure 2. The negative image of the Golgi apparatus is shown above the nucleus.
Faint eosinophilic bodies appear within the strands of RNA in the basal part of the nucleus. The apical
zone is free of cytoplasmic bodies
FIG. 4. A 20 year-old woman at the 4th day of menstruation. The apical zone is stained with aniline
blue, mitochondria and some larger cytoplasmic bodies with acid fuchsin. The largest cytoplasmic
bodies (yellow) are probably pigment. The negative image of the Golgi apparatus extends into the region
containing cytoplasmic granules. Vertically disposed fibrillar elements are present in the basal myo-
epithelial cells. Regaud fixation; acid fuchsin and Mallory counterstain (orange G and aniline blue).
FIG. 5. From a case during pregnancy. The brush border, cytoplasmic granules and inner layer of
the basement membrane are stained intensely red with PAS. Cytoplasmic RNA (blue) is arranged around
small vesicles. Zenker-formol; PAS and methylene blue.
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PLATE H
EXPLANATION OF FIGURES
Fio. 6. Case 2. The distribution of mitochondria is shown. They are numerous around the nucleus
and extend up to the apical zone. Three small developing cytoplasmic bodies appear just below the
apical zone. The negative image of the Golgi apparatus extends upwards into the region of the cyto-
plasmic granules. Zenker-formol; Altmann acid fuchsin and Masson.
Fio. 7. 24 hours after cessation of the menses. The brush border is stained deeply with aniline blue
and vesicles (arrow) have formed in it. Bouin; Masson. X653.
FIG. 8. Same specimen as that for figure 7. Vesicles (arrow) on the surface are large. X 653.
FIG. 9. Case 13 from the 4th day of an expected 28 day cycle. PAS-stained bodies of various sizes are
shown, the larger ones (arrows) being pigment. Myoepithelial cells are disproportionately large in
relation to the small size of the Secretory cells. The nucleus of the myoepithelial cell (above M) is sur-
rounded by reticulated cytoplasm which is not as dense as the basal contractile elements. The inner
layer of the basement membrane is deeply stained with PAS. Zenker-formol; PAS and methylene blue.
X 653.
Fjo. 10. The 18th day of the menstrual cycle; cycles varied from 18—28 days. The Golgi apparatus
forms a compact network above the nucleus. Nassonov-Kolatchev Method. X 653.
FIG. 11. Same specimen as that for figure 10. The Golgi apparatus is more elaborate and surrounds
developing cytoplasmic bodies. Compare with the Golgi negative image of figures 4 and 6. X 735.
FIG. 12. Case 22 on the 20th day of the cycle. The brush border is stained intensely with PAS. The
gray of the cytoplasm represents basophilia and the arrangement of RNA around small vesicles can be
seen. The black dots in the luminal secretion (insert) are glycogen. Zenker-formol; PAS and methylen&
blue. X 653.
FIG. 13. Case 45; a 23 year-old male. PAS-stained bodies are few, small and more spherical as com-
pared with most specimens from females (e.g., Fig. 21). Zenker-formol; PAS and methylene blue. X 390.
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PLATE III
EXPLANATION OF FIGURES
The specimens for figures 14—16 were fixed in 10% formalin and the remainder in Zenker-formol. All
were stained with PAS and methylene blue.
FIG. 14. Case 1, a 9 week-old male. Secretory cells are low columnar with an even apical surface and
are practically devoid of PAS-stained cytoplasmic granules. X 390.
FIG. 15. Case3, a 4 year-old female. There is little difference between this specimen and that shown
in figure 14. X 450.
FIG. 16. Case 5, an 8 year-old male. As compared with figures 14 and 15, the apical zone of cytoplasm
has differentiated, PAS bodies are beginning to appear, the Golgi apparatus is better developed and
cytoplasmic basophilia is increased. X 378.
FIGS. 17 and 18. Case 9, at the 3rd day of menses. These photographs were taken from opposite sides
of same tubule and show the common variation in size of the Secretory cells. In figure 17, few PAS-
stained bodies are present and the cytoplasm is extensively basophilic. X 390.
FIG. 19. Case 20, from the 10th day of the cycle. Cells are frequently engorged with PAS-stained
bodies. X 390.
FIG. 20. Case 18, from the 8th day of the cycle. PAS-stained bodies are numerous. X 473.
FIG. 21. Case 24 from the 29th day of the cycle. PAS-stained bodies are fairly numerous. Secretory
cells are unusually large and basophilic. X 378.
CYTOLOGY OF LARGE AXILLARY SWEAT GLANDS IN MAN 289
.5
tts—
Ui
4
I
w .16
19
I:
h'i •
,rt,i a .1
290 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
PLATE IV
EXPLANATION OF FIGURES
All specimens illustrated on this plate were fixed in Zenker-formol and stained with PAS
and methylene blue.
FIG. 22. Case 28, a woman pregnant for 33 months showing an intense accumulation of PAS-stained
bodies in the secretory cells. X 390.
FIG. 23. Case 32, a woman pregnant for 5) months, showing depletion of PAS bodies, intense cyto-
plasmic basophilia (gray) and intraluminal secretion stained intensely with PAS. X 480.
FIG. 24. Case 34, a woman pregnant for 8 months. The secretory epithelium is high, with a moderate
number of PAS bodies and intense basophilia (gray). X 480.
FIG. 25. Case 33, a woman 7j months pregnant. The lumina are well filled with secretion. X 728.
FIG. 26. Case 36, a 58-year old woman. Although the lumen contains much secretion, the secretory
epithelium is atrophic. X 728.
FIG. 27. Same case as that shown in figure 25. The granules (black) in myoepithelial cells, secretory
epithelium and intraluminal secretion are glycogen. X 728.
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